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WEATHER AND CLIMATE EXTREMES IN LIGHT  
OF THE IPCC SREX (2011) AND BEYOND 
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ABSTRACT. Weather and climate extremes in light of the IPCC SREX 
(2011) and beyond. The recent IPCC Special Report (IPCC SREX, 2011) pro-
vides a comprehensive overview of meteorological (i.e. weather and climate) ex-
tremes and their various aspects. The present paper reflects the core concepts of 
the Report, clarifying the relations of the natural and anthropogenic factors caus-
ing meteorological extremes, as well, as condition determining the risks and gen-
eral ways of response by the society. The paper can only add some recent statistics 
to this scheme on various aspects of meteorological and non-meteorological rea-
sons of natural disasters. The paper argues, however, the still unclear definition of 
the extremes and their classification as weather and climate extremes. We also 
dedicate a sub-Section to the statistical and physical considerations on how the ex-
tremes may change parallel to the global warming. Another sub-Section refers to 
further difficulties that hamper the empirical establishment of the trends in the me-
teorological extremes. Finally we overview the IPCC AR4 (2007) conclusions on 
some meteorological extremes, since the detailed Chapters of the IPCC SREX 
(2011) Report were not available by the time of writing the paper, but from its 
SPM no difference in the statements and even its uncertainties can be established 
since the AR4. 
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1. INTRODUCTION 

 
The impact areas of extreme meteorological events cover wide ranges (e.g. 

Gyuró et al., 2007). The disadvantageous impacts of extreme meteorological events 
include: floods, excess inland water inundations, droughts, rainstorms, hails, heat 
waves, increasing UV radiation, early and late frosts, snow jams, wind storms, for-
est and bush fires, appearance of new pathogens and pests.  

There is little doubt that society as a whole has become more sensitive to 
extreme weather, since population and infrastructure continues to grow in areas 
that are vulnerable to the weather and climate extremes. As it is seen in Fig. 1, 
weather extremes play a sorrowful important role among the natural disasters in 
global and in European comparison, especially concerning the economical losses. 

According to these Figures, the reasons not related to meteorology cause 
31 % of economical losses, but 55 % of fatalities at the global scale. In Europe the-
se numbers are 20 and 23 %. Globally wet storms are the most dangerous (25 % in 
the losses, i.e. equally dangerous with the floods, and 34 % considering the deaths), 
whereas in Europe the storms (32 %) and the hydrological extremes (25%) cause 
the most losses, but 55 % of the fatalities were caused by the heat waves. 
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a.)  

 
b.)  

 

 
Fig. 1. Percentage distribution of economical loss (left) and number of fatalities (right) 
caused by natural disasters a.) Global mean in 1950-2005 (Hoeppe at al., 2006); b.) Eu-

rope-mean (EU+5 countries) 1980-2009 (EEA, 2010). (The grey-scaled colours, 
arranged in clock-wise order in the diagrams, correspond to left-to-right and then  

up-to-down order in the below-listed legends.) 
 

The recent IPCC SREX Report (2011) assesses how exposure and vulnera-
bility to weather and climate events determine the impacts and the disaster risk. It 
also evaluates the influence of natural climate variability and anthropogenic cli-
mate change on climate extremes. It also considers the role of development in 
trends in exposure and vulnerability, implications for disaster risk, and interactions 
between disasters and development. The Report examines how disaster risk man-
agement and adaptation to climate change can reduce exposure and vulnerability to 
weather and climate events and thus reduce disaster risk, as well as increase resili-
ence to the risks that cannot be eliminated.  

The construction of the Report is presented in Fig. 2, which is also a good 
multidisciplinary comprehension of the whole issue. 
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Fig. 2. Core concepts of natural and anthropogenic factors causing meteorological  
extremes, as well, as condition determining the risks and general ways of response  

by the society, as exposed by IPCC SREX (2011: Fig SPM.1). 
 
2. DEFINITION OF WEATHER AND CLIMATE EXTREMES 
 

The IPCC WG-I (2007) Glossary writes “An extreme weather event is an event 
that is rare at a particular place and time of year. Definitions of rare vary, but an 
extreme weather event would normally be as rare as or rarer than the 10th or 90th 
percentile of the observed probability density function.” Later, it also states “When 
a pattern of extreme weather persists for some time, such as a season, it may be 
classed as an extreme climate event, especially if it yields an average or total that is 
itself extreme (e.g., drought or heavy rainfall over a season).”  

To the author’s view, this compilation is a limitation compared to of the 
way how the term “climate extreme” is most often used. The difference is that 
monthly or seasonal temperature anomalies can well be beyond the above rarity 
limit, even if they do not cover any day with a weather extreme. Furthermore, 
monthly or seasonal excess water may well be combined by moderate, but repeated 
diurnal precipitation amounts, as well. 

The IPCC SREX (2011) defines the topic in its SPM (page 2.), as follows: 
„Climate Extreme (extreme weather or climate event): The occurrence of a value of 
a weather or climate variable above (or below) a threshold value near the upper (or 
lower) ends of the range of observed values of the variable. For simplicity, both ex-
treme weather events and extreme climate events are referred to collectively as 
’climate extremes’.” Unfortunately, this definition is even less exact and bears both 
above problems of the IPCC (2007) definition.  

Hence, for the purpose of this paper, we define extreme events as follows: 
Meteorological extremes are events that are rare and have high impact. Both rarity 
and impact are needed for an event to to be considered a meteorological extreme 
e.g. the permanent drought in Sahara (not rare) or the amazing optical phenomena 
(no impact) are not considered meteorological extremes.  
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An event has high impact by virtue of its intensity or duration. Weather ex-
tremes are the rare events that are of high impact mainly due to the intensity of one 
or more observed atmospheric variable. By contrast, climate extremes are those ra-
re periods of time that have high impact due to the sustained duration of one or 
more observed atmospheric variable. More detailed distinction is given below. 

 
2.1 Weather extremes  

 
The professional surface-based observations of the Global Observing System pro-
vide weather measurements, including air temperature, wind speed, wind direction, 
precipitation, cloud cover, humidity, sunshine hours and visibility, etc. taken regu-
larly over the Globe. Firstly, we list the extreme weather events from the so-called 
synoptic codes, which indicate the events that are worth observing and archiving.  

In codes (http://www.srh.noaa.gov/jetstream/synoptic/ww_symbols.htm) by 
WMO for the observations, the candidates for extremity, depending on their fre-
quency and impact, are as follows: Haze, mist, fog, dust whirl, sand whirl, dust-
storm, sandstorm, freezing rain, ice fog, ice needles, ice sleet. drifting snow, blow-
ing snow, depositing rime ice, rain shower, snow shower, shower of hail, thunder-
storm (observed lighting and thunder), squall lines, funnel cloud, tornado.  

Having the continuous thermodynamic state indicators, above or below a 
certain frequency and/or impact threshold is another class of extremes, e.g. temper-
ature below zero, or rainfall above 20 mm. These are also weather extremes. 

The environmental extremes, e.g. avalanches, forest fires or strong coastal 
waves, are at least affected by meteorological extremes, but are not considered in 
our study. Despite our present scope, the operational warning practice tries to pro-
vide information even about these mixed events, too. 
 

2.2. Climate extremes 
 
By the above definition, climate extreme is a longer-term (monthly or seasonal) 
mean or frequency of variables or events, which are rare of potentially high impact. 
The climate extremes may be time averages or frequencies of events above a given 
diurnal threshold of a single meteorological variable. These averages or frequen-
cies are often combined into univariate indices. Typical indices include the number 
or fraction of cold/warm days/nights etc. above the 10th percentile, or the 90th per-
centile, generally defined with respect to a pre-selected reference period.  

In 1998, a joint WMO-CCl/CLIVAR Working Group formed with the pur-
pose of climate change detection. One of its task groups aimed to identify the cli-
mate extreme indices and completed a climate extreme analysis over the world 
where appropriate data were available. These indices are given in more recent 
source by van Engelen et al., (2008), see http://eca.knmi.nl/indicesextremes. An-
other set of indices including uni- and multivariate indices, used in most of the Eu-
ropean countries, is listed by Eitzinger et al, (2008). Some other examples are 
wind-based (Della-Marta et al., 2009) or pressure-based (Beniston, 2009) indices. 

http://www.srh.noaa.gov/jetstream/synoptic/ww_symbols.htm
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Extremity of weather or climate and the effects caused by them are often 
too complex to be expressed by a single meteorological variable. In other words, 
these climate extremes occur in the multi-dimensional phase-space of variables. 
Using more variables, however, does not establish a linear sequence of the extremi-
ties. Hence, most often the multivariate extremities are arranged into a single index. 
 For example, the thermal comfort index is calculated by means of the phys-
iologically equivalent temperature, PET, based on the human energy balance (Mat-
zarakis et al., 1999). For calculating this weather extreme, four meteorological pa-
rameters (air temperature, relative humidity, wind speed and cloudiness) as well as 
some assumed physiological parameters are used.  

 
3. CLIMATE CHANGE AND THE EXTREMES  
 
3.1 Expectations of changes in the extremes  

 
Statistical and physical considerations suggest that a warmer climate bears more 
meteorological extremes than the present one. Later, we refer to some further diffi-
culties that hamper the unequivocal establishment of the trends in the extremities.  

Statistical considerations. Frequency of an extreme event can generally be 
enhanced under climate change for two reasons. When the whole distribution is 
shifted in one direction, with no change in the variance, then the extremes of this 
direction become more frequent, whereas the opposite extremes become less fre-
quent. In the second case, when variance of the distribution changes with no shift 
in the mean, frequency of extremes on both sides changes in the same direction. Of 
course, parallel occurrence of the two causes is also possible. 

Three metrics can be considered to quantify the trends in the extremes. One 
of them is to count the number of record-breaking events in a given year. However, 
it may well happen that hot extremes are setting new records, while cold extremes 
become less frequent. In such a case, counting the records would probably not in-
dicate a significant trend, though frequency of the opposing extremes changed a lot. 

Besides counting the single events, the fraction of a given territorial unit 
can be summarized according to the distribution of local absolute records or proba-
bility of falling into a rare category (e.g. lower 10 %). Trends of these fractions 
may also be established. A shortcoming of this approach is that it requires equal 
levels of data coverage for the whole area. In many cases, however, this condition 
is not fulfilled, especially in case of rapid, small-scale weather extremes. 

A third approach arises from the fact that extremes often have deleterious 
economic consequences. The global costs of extreme weather events are already 
high and rising. It may therefore be possible to measure the integrated economic ef-
fects of extremes by the insurance payout as a function of time. However, besides 
the effects of inflation, this measuring tool would also be influenced by changes in 
the vulnerability of the insured properties, e.g. by their age, or by their changing 
exposure in connection with the number of inhabitants or users of the real estate.  

The statistical trends should better be supported by physical explanations. 
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Physical considerations. Some physical processes support the hypothesis 
of increasing extremities parallel to global warming, but some others definitely 
question that. The most frequent argument for the more intense extremes is the in-
creased energy content of the climate system, including the atmosphere (IPCC 
WG-I, 2007, Fig. 5.4). Having more thermodynamic energy in the whole system, 
the energy may be more easily cumulated in a given atmospheric object and region. 

Another reasonable assumption is that in a warmer world, water vapour 
content of the air column is higher (IPCC WG-I, 2007: Figures 3.20 and upper Fig-
ure of 3.21), hence more latent heat may develop and turn into kinetic energy, es-
pecially via convection. A third experience is that in a warmer world the average 
lapse rate is higher, which in turn also support the formation of convective systems.  

Other considerations, however, may cause less intensive extremes. E.g., the 
experience that the high-latitudes and the continents warm faster than the lower lat-
itudes and the oceans, leads to smaller horizontal temperature- and, hence, pressure 
gradients generally become weaker in the process of global warming-up.  

 
3.2. Data quality, free oscillations, conceptual problems 

 
Establishing trends in extremities is difficult due to at least three problems. They 
are the uneven quality of observations (data problems), a conceptual problem, since 
scientists often search the trends in function of time, sometimes mixing the global-
ly warming, stagnating and cooling periods and the existence of long-term free os-
cillations which make it difficult to detect the appearance of extreme events.  

The data problem. Near-surface temperatures are generally influenced by 
various local disturbances (developing cities, vegetation), modifications in the ob-
servation technology (changes of time, instrumentation or shading devices) or 
simply relocation of the weather (climate) station. In some other cases, e.g. for the 
tropical cyclone records, the completeness of observations is rather heterogeneous 
due to changing observation technology and reporting protocols. 

A conceptual problem. The third problem, making empirical trend analyses 
very difficult, is the mechanistic computation of statistical trends for any long peri-
od of time. Very often, these periods join globally warming periods, together with 
no change, or even with cooling periods. One may assume that a given behaviour 
of the extremities in a warming period should not be the same as in a stagnating or 
cooling period. Hence, any meaningful trend estimation should consider monoto-
nously warming, or cooling periods, otherwise nothing can be told about possibili-
ties of their extrapolation. (In principle, the extrapolation is never sure, but it is 
more likely if established in a similarly warming period, expected for the future.) 

The free oscillations problem. Climate also fluctuates randomly, with rela-
tively long, but irregular cycles. Fig. 5 presents such fluctuations at the high lati-
tudes of Northern Hemisphere. The three periods of 12, 7 and 6 years of duration 
indicate very different distribution of temperature anomalies. These natural fluctua-
tions make the detection and attribution of changes in the extremities very difficult. 
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Fig. 3. Arctic temperature anomaly patterns as examples of strong inter-annual  
variability within a monotonously warming period at the global scale. Data from NO-
AA/ESRL, http://www.cdc.noaa.gov/cgi-bin/Composites/ printpage.pl [6 April 2007]  

Positive temperature anomalies are found over Canada (1977-1988), Eurasia  
(1989-1995) and over the majority of the Polar region except the cooler than average 

mid-Canada (2000-2005). Negative anomalies are fould in wide areas of Eurasia  
(1977-1988), ocean areas attached to Northern Canada (1989-1995). 

 
3.3. What is seen from the research? 

 
Tab. 1 displays the major extreme events, indicating the 20th century tendencies, 
likelihood of human contribution in the observed trend and likelihood of the future 
trends. It indicates „warmer and fewer cold days and nights”, as well, as „warmer 
and more frequent hot days and nights”, detected over most land areas. Both state-
ments are assessed “very likely” with over 90 % of probability concerning their 
20th century trends and over 2/3 of probability for “likely” anthropogenic compo-
nent in it. For the future, the continuation of the trends is virtually certain (99 %). 
Heavy precipitation events at the temperate latitudes and increase of drought af-
fected area is likely in many regions since 1970s with “more likely than not” as-
sessment its the anthropogenic component. Continuation of the increasing area in 
the 21st century is “likely”.  

Recently, the IPCC SREX Report (2011) mainly approved these statements. 
E.g,, changes in return periods of the 20 years thresholds in diurnal maximum tem-
peratures and in daily precipitation are displayed in Figs SPM 4A and 4B, for 26 
continental regions between two future periods and 1981-2000. For Central Europe 
they indicate 4-6 times more frequent occurrence in the thermal and ca. 1,5x in the 
precipitation extreme by 2045-2065, depending on the assumed emission scenario. 
 Though it is very likely (IPCC WG I, 2007) that, at least in the recent four 
to five decades, mankind significantly contributed to global warming. Hence, these 
decades are fair natural experiments reflecting the similar causes of warming to 
that which will likely drive the next several decades. Nevertheless one cannot be 
sure that all trends found in the recent decades will be valid for the future too. This 
question can be assessed by combining modelling and statistics in the attribution 
studies that already tackle the extremes (Min et al., 2011). 
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Tab. 1. Recent trends, assessment of human influence, and projections  
of extreme weather events. (IPCC WG-I, 2007: Tab. SPM-2) 

Phenomenon and direction of trend Likelihood that 
trend occurred in 
late 20th century  

Likelihood of hu-
man contribution 
to observed trend  

Likelihood of 
trends projected for 
21st century) 

Warmer and fewer cold days and 
nights over most land areas 

Very likely Likely Virtually certain 

Warmer and more frequent hot days 
and nights over most land areas 

Very likely Likely (nights) Virtually certain 

Warm spells/heat waves. Frequency 
increases over most land areas 

Likely  More likely than 
not 

Very likely 

Heavy precipitation events. Frequency 
(portion of total) mostly increases  

Likely More likely than 
not

 
 

Very likely 

Area affected by droughts increases  Likely in many re-
gions since 1970s  

More likely than 
not  

Likely 

Intense tropical cyclone activity in-
creases  

Likely in some re-
gions since 1970 

More likely than 
not

 
 

Likely 

Increased incidence of extreme high 
sea level (excludes tsunamis) 

Likely More likely than 
not  

Likely 
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